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A B S T R A C T 
The number and s t reng th of ac t i ve ac id s i tes on H - Z S M - 5 ( w i t h d i f f e r e n t 
S i /A l ra t ios ) fo r cumene c rack ing and o -xy lene isomer isa t ion reac t ions have 
been de te rm ined using the pulse piosoning techn ique based on se lec t ive poisoning 
of s t ronger ac id s i tes w i t h py r id ine . Only those ac id s i tes wh ich can absorb 
pyr id ine i r revers ib ly a t ^ 5 7 0 K are invo lved in both the reac t ions . The number 
of a c t i v e ac id sites on the zeo l i te was found to decrease a lmost l i near l y w i t h 
the S i / A l r a t i o . On the o ther hand, the number of ac t i ve ac id si tes per A l -
a t o m of the zeo l i te increases w i t h the S i / A l r a t i o upto the S i / A l r a t i o of 31.1 
and l eve l s -o f f t h e r e a f t e r . 
I N T R O D U C T I O N 
H - Z S M - 5 zeo l i te has shown considerable promise as a ca ta l ys t in the conver -
sion of a lcohols to hydrocarbons [1-6 ] , a l k y l a t i on of a romat i cs [7 ,8 ] and also 
in a number of hydrocarbon conversions [9-13] , and syngas convers ion [14] . 
The ac id s t reng th d i s t r i bu t i on on th is zeo l i t e has been found to be broad [15-
19]. I t is t he re fo re i m p o r t a n t to know the number of ac t i ve ac id s i tes wh ich 
are ac tua l l y invo lved in a pa r t i cu l a r c a t a l y t i c r eac t i on and also the m i n i m u m 
s t reng th possessed by t h e m . The present i nves t iga t ion was under taken w i t h 
the ob jec t i ve of de te rm in i ng the ac t i ve ac id s i tes on H - Z S M - 5 zeo l i tes ( w i t h 
d i f f e r e n t S i / A l ra t ios) fo r the model reac t ions v i z . cumene c rack ing and o -xy lene 
isomer isa t ion , wh ich are no rma l l y employed f o r s tudy ing p ro ton ic ac id s i tes 
on sol id ca ta lys ts [20] . The poisoning techn ique [9 ,21] in wh ich the s t ronger 
ac id s i tes are se lec t i ve ly poisoned in the order of the i r s t reng th has been 
employed fo r th is purpose. 
E X P E R I M E N T A L 
The p repara t ion and cha rac te r i sa t i on of the H - Z S M - 5 zeo l i tes w i t h d i f f e r e n t 
S i /A l r a t i os (vary ing f r o m 13.6 to 39.7) have been descr ibed elsewhere [9] . 
The ca ta l ys t poisoning exper iments fo r measur ing the ac t i ve ac id s i tes 
i fir? 
f o r the c r a c k i n g and i somer i za t i on reac t ions were c a r r i e d ou t in a pulse m i c r o -
reac to r connec ted to a gas ch roma tog raph (Perk in E l m e r Sigma 3B, w i t h f l a m e 
ion isa t ion de tec to r ) using n i t r ogen (99.99%) as the c a r r i e r gas. The m i c r o r e a c t o r 
cons is ted of a stainless s tee l tube (o.d. 6 m m ; i .d . 4 m m and l eng th 22 c m ) 
w i t h the zeo l i t e pa r t i c l es (0.2 m m size) packed be tween the quar tz woo l p lugs. 
The t e m p e r a t u r e of the zeo l i t e bed and the i n jec t i on p a r t o f the m i c r o - r e a c t o r 
cou ld be var ied independent ly . The reac t i on cond i t ions were as f o l l ows : amoun t -1 
of c a t a l y s t , 0.05 g; f ^ - f l o w ra te , 800 m i n ; r eac t i on t e m p e r a t u r e , 5 7 3 K ; pulse 
s ize, 0 . 0 7 m m o l ; and pressure, 370 kPa. A par t o f the reac to r e f f l u e n t was 
bypassed be fore i t en te red the gas ch romatog raph . The r e a c t i o n products we re 
analysed in a carbowax 20M (10%) on chromosorb - W co lumn at 343K ( ca r r i e r 
3 -1 
gas f l ow ra te : 40 c m .m in ). 
The c a t a l y t i c t i t r a t i o n of the a c t i v e si tes on the zeo l i t e was p e r f o r m e d 
by mak ing the s i tes w i t h increas ing ac id s t reng th ava i lab le fo r the c a t a l y t i c 
reac t i on by sa tu ra t i ng t h e m w i t h py r id ine i r revers ib ly adsorbed a t 598, 673, 
723 and 773K and also by using the zeo l i te w i t h o u t poisoning. Thus only the 
acid s i tes wh ich were weaker than those blocked by the base a t the sa tu ra t i on 
(or poisoning) t e m p e r a t u r e (Ts) were ava i lab le for the r e a c t i o n on the poisoned 
zeo l i t e . The desorp t ion of the adsorbed pyr id ine f r o m the poisoned zeo l i t e 
dur ing the a c t i v i t y test was p revented by ca r r y ing out the reac t i on a t a t e m p e r a t u r e 
(wh ich was 573K) lower than the lowest t e m p e r a t u r e a t wh ich the ac id s i tes 
were b locked w i t h i r revers ib l y adsorbed pyr id ine. A de ta i l ed procedure fo r 
poisoning the zeo l i t e and measur ing i ts c a t a l y t i c a c t i v i t y has been descr ibed 
ear l ie r [9] . 
RESULTS A N D DISCUSSION 
The resul ts of the c a t a l y t i c t i t r a t i o n s are presented in F ig . 1. For bo th 
the c rack ing and i somer i za t ion reac t ions , the c a t a l y t i c a c t i v i t y of the zeo l i t e 
(w i t h the d i f f e r e n t S i /A I ra t ios) decreases w i t h the decrease in Ts ( i .e . the 
t empera tu re at wh ich the zeo l i tes are satura ted w i t h i r reve rs ib l y adsorbed 
pyr id ine) . I t can also be noted t ha t the a c t i v i t y vs. Ts curves fo r bo th the 
reac t ions on zeo l i tes when ex t rapo la ted to zero a c t i v i t y mee t a lmos t at 
the same po in t . This po in t wh ich corresponds to the t e m p e r a t u r e Ts requ i red 
for b lock ing near ly a l l the ac t i ve si tes invo lved in the reac t ions . These resul ts 
reveal tha t the si tes having an ac id s t reng th of T d ^ S V O K (where Td is the 
t empera tu re a t wh ich the i r revers ib ly adsorbed pyr id ine desorbs) are responsible 
fo r both the react ions on the zeo l i t e , or in o ther words only those ac id s i tes, 
wh ich can adsorb py r id ine i r revers ib l y a t or above 570K, ca ta lyse the reac t ions . 
The number of ac t i ve ac id si tes tak ing pa r t in the r e a c t i o n was ob ta ined 
T, (K ) 
F i g . 1. Dependence of the c a t a l y t i c a c t i v i t y of H - Z S M - 5 ( w i t h d i f f e r e n t 
S i / A l ra t i o ) on Ts fo r the c rack ing and i somer i za t i on reac t ions 
in t e r m s of the number of py r id ine molecu les adsorbed i r reve rs ib l y a t the m a x i m u m 
Ts (570K) requ i red fo r comp le te l y d e a c t i v a t i n g the z e o l i t e . F igure 2 shows 
tha t t he number of a c t i v e ac id s i tes in the zeo l i te decreases a lmost l inear ly 
w i t h t he increase in the S i / A l r a t i o . 
The dependence of the r a t i o of the a c t i v e ac id s i tes per un i t ce l l t o the 
A l - a t o m s per un i t ce l l o f the zeo l i t e on the S i / A l r a t i o is shown in F ig . 2; 
the a c t i v e ac id s i tes per A l - a t o m increases w i t h S i / A l r a t i o up to the value 
of 31.1 and l eve l s -o f f t h e r e a f t e r . This t r end in the va r i a t i on of the ac t i ve 
ac id s i tes per A l - a t o m w i t h the A l - c o n t e n t of the zeo l i t e is expec ted to be 
ma in ly due to the i n t e r a c t i o n be tween the s t r uc tu ra l A l anions (wh ich are 
•169 
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F ig . 2. Dependence of the a c t i v e si tes and the r a t i o o f ac t i ve s i tes to 
A l - a t o m s on the S i / A l r a t i o fo r the c rack ing and i somer i za t i on reac t i ons 
on H - Z S M - 5 
responsible fo r the ac id s i tes) . In ZSM-5 zeo l i t e , the s t r u c t u r a l A1 anions 
are expec ted to be s i t ua ted a t the channel in te rsec t ions . Since there are fou r 
channel in te rsec t ions per un i t ce l l o f the zeo l i t e [22]," more than one A1 are 
present a t some of the in te rsec t ions when the A l - c o n t e n t o f the zeo l i t e is 
more than 4 A l - a t o m s per un i t ce l l . This s i tua t ion can also be present in the 
case of the zeo l i t e con ta in ing 4 (or even less than 4) A l - a t o m s per un i t ce l l 
when the d i s t r i bu t i on of the A l - a t o m s is not u n i f o r m . The resul ts (F ig . 2) 
po in ts t o the f a c t t ha t the number of ac t i ve acid s i tes per s t r u c t u r a l A l - a t o m 
on H - Z S M - 5 decreases w i t h the increase in the A l - c o n t e n t , the decrease be ing 
very pronounced above the A l - c o n t e n t o f about 4 A l - a t o m s per un i t ce l l . The 
i n t e r a c t i o n be tween s t r u c t u r a l A1 anions present at the same channel i n t e r sec t i on 
causes a decrease in the s t reng th of the ac id sites o r i g i n a t i n g f r o m the Al~ 
anions, wh ich resul ts in the decrease in the ac t i ve (or s t rong) ac id s i tes per 
s t r u c t u r a l A l . 
1 nr\ 
The poisoning techn ique employed in the present study d i f f e r s f r o m the 
conven t iona l pulse poisoning technique [23,24] in t ha t the a c t i v e s i tes of va ry ing 
ac id s t reng ths are b locked by i r revers ib ly adsorbed py r id ine a t d i f f e r e n t t empe ra -
tures instead of i n t roduc ing the poison in smal l doses a t the reac t i on t e m p e r a t u r e 
(which does not ensure p r e f e r e n t i a l b lockage of ac t i ve or s t ronger ac id si tes), 
and f i nd ing the a c t i v i t y of the ca ta l ys t a f t e r the i n t r oduc t i on of each poison 
pulse. 
The ca ta l ys t a c t i v i t y is measured a t a t e m p e r a t u r e lower than the lowest 
t e m p e r a t u r e a t wh ich the ac id si tes are b locked by the i r revers ib l y adsorbed 
poison. The present pulse poisoning techn ique, t he re fo re , ensures u n i f o r m and 
also p r e f e r e n t i a l b lockage of the ac t i ve ac id s i tes in the order of the i r s t reng th 
and e l im ina tes the poss ib i l i t y of the desorp t ion of poison dur ing the a c t i v i t y 
tes t . I t gives both the number and the m i n i m u m s t reng th of the ac t i ve s i tes 
tak ing pa r t in the c a t a l y t i c reac t i on . I t can also be employed [9 ,21,25] fo r 
obta in ing co r re l a t i on be tween the s e l e c t i v i t y fo r the d i f f e r e n t products and 
the s t reng th of acid si tes invo lved in the c a t a l y t i c reac t ions . 
REFERENCES 
1. Me ise l , S., McCu l lough , J.P. , Lech tha le r , C.H. ,and Weisz, P.B., Chemtech . , 
86 (1976). 
2. Chang, C .D . , and S i l ves t r i , A .J . , J. Ca ta l . , £ 7 , 249 (1977). 
3. Chang, C .D . , Kuo, J .C.W. , Lang, W.H., Jacob, S.M., Wise J .J . and S i l ves t r i , A 
Ind. Eng. Chem. Process Des. Dev. , 11_, I bb (1978). 
4. Derouane, E.G., Nage, J.B. , D e j a i f v e , P., Van Hoo f , J .H .C . , Spekman, 
B.P., Vedr ine, J .C. and Naccache, C. , J. Ca ta l . , 53, 40 (1978). 
5. Anderson, J .R. , Foger ,K . , Mole , T. , Rajadhyaksha, R . A . and Sanders, J.V., 
J. C a t a l . , 58, JH4 (1979). 
6. Nayak , V;S. and Choudhary V.R. , App l . Ca ta l . , ^ 0 , 147 (1984). 
7. Lew is , P.J. and D w y e r , F .G. , Oi l Gas J., Sept. 26 (1976). 
8. Kaed ing , W.W., Chu, C. , Young, L .P . , Weinste in , B. and Bu t t e r , S.A., 
J. Ca ta l . , 67, 159 (1981). 
9. Nayak , V.S. and Choudhary , V.R. , App l . Ca ta l . , 4, 333 (1982). 
10. Lew is , P.J. and D w y e r , F .G. , Oi l Gas J. , 75; (40),"'55 (1977)': ' 
11. Chen, N .Y . , Kaeding, W.W. and D w y e r , F .G. , J. A m . Chem. Soc. 101, 
6783 (1979). 
12. Kaed ing , W.W., Chu, C. , Young, L .B. , Weinste in, B. and B u t t e r , S.A., 
J. Ca ta l . , 67, 159 (1981). 
13. De ja i f ve ,P . , Vedr ine, J .C. , Bol is, V., and Derouane, E.G., J. Ca ta l . , 63, 
331 (1980). 
14. Chang, C.D. , Lang, W.H. and S i l ves t r i , A .J . , J. Ca ta l . , 56, 268 (1979). 
15. A u r o u x , A . , Bol is , V., Weizchowsk i , P. , Grave l l e , P .C . and Vedr ine, J .C . , 
J. C h e m . Soc. Faraday Trans. I I , 75, 2544 (1979). 
16. Nayak , V.S. and Choudhary , V.R. , J. C a t a l . , BT, 26 (1983). 
17. Nayak , V.S. and Choudhary , V.R. , A p p l . Ca ta l . , K) , 137 (1984). 
18. Choudhary , V.R. and Nayak , V.S., Ma te r i a l s Chem. Phys., JQ, 515 (1984). 
19. Choudhary , V;R. -and Nayak, V.S., Zeo l i tes ( in press). 
20. Benesi , H . A . and Winguis t , B .H.C. , Adv . Ca ta l . , 27, 97 (1978). 
21. Nayak , V.S. and Choudhary , V.R. , A p p l . Ca ta l . , 9, 251 (1984). 
22. F lan igen, E .M. , Benne t t , J .M. , Grose, R.W., Cohen, J.P. , Pa t t on , R . L . 
and K i r c h n e r , R .M. , Na tu re , 272, 512 (1978). 
23. Tu rkev i ch , J. , Nozak i , F . and Stami res , D. , P roc . In t . Cong. C a t a l . , 3rd 
A m s t e r d a m , 1964, 1 , 586 (1965). 
24. Boreskova, E.G., Topch ieva, K . V . and PIguzova, L . I . , K i n e t , K a t a l . V, 903(1964). 
25. Nayak , V.S. and Choudhary , V.R. , Indian J. Techno! . , 2% 376 (19G3). 
